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Description 

TECHNICAL FIELD, 

[00011 The present invention relates to an Improved 5 
method and apparatus for sterilizing a packaging sheet 
material of the kind used for packaging pourable food 
products such as milk, tomato puree, yoghurt, fruit Juic- 
es, wine, tea, etc. Such laminated packaging sheet ma- 
terial has a mutti-Iayered structure including a fibre- 
based layer made of a material such as paper, which is 
coated on either side with a heat-sealable plastics ma- 
terial such as polyethylene. When the packaging mate- 
rial is to be used for the aseptic packaging of pourable 
products such as milk treated at ultra-high temperature 
(UHT milk), the face of the packaging material destined 
to be placed in contact with the food product is also pro- 
vided with a layer of barrier material, such as e.g., alu- 
minium, which Is in turn covered with a layer of plastics 
material such as polyethylene. 
[0002] When manufacturing packages from the 
above-mentioned kind of packaging sheet material, it is 
imperative that no microorganisms are allowed to come 
into contact with the food product to be packaged. 
Therefore, the packaging material must be sterilized im- 
mediately prior to use for the manufacture of packages, 
and it must be retained in sterile conditions, until the 
package is completely sealed, thereby ensuring that the 
food product contained therein is free from any micro- 
organisms which would otherwise spoil the food and/or 
transmit diseases to the consumer. 

BACKGROUND ART 

[0003] Laminated packaging material may be pro- 
duced in the form of web which can be continuously fed 
into a package fomiing, filling and sealing machine. 
Such machines include e.g., the TBA/19 ® and TBA/ 
21® filling machine, manufactured by Tetra Brik Pack- 
aging Systems, Via Delfini 1 , IVlodena, Italy. The web is 
sterilized with a sterilizing agent such as e.g., hydrogen 
peroxide, which is thereafter removed by evaporation. 
The sterile packaging material is then maintained in an 
aseptic chamber, then longitudinally sealed to form a 
continuous tube, which is filled with liquid food product 
to be packaged. The tube is then clamped and trans- 
versely sealed at regular intervals to produce pillow- 
shaped packages, which are mechanically folded to pro- 
duce finished packages. Such types of packages in- 
clude e.g., parallelepiped packages known by the reg- 
istered trademarks Tetra Brik Aseptic ® and Tetra Brik 
®, and substantially parallelepiped packages with bev- 
elled corners commonly known by the registered trade- 
marks Tetra Prisma® and Tetra Prisma Aseptic ®. 
[0004] Alternatively, the laminated packaging sheet 
material may be cut into blanks and then formed into 
packages on mandrels. Such packages are sterilized by 
spraying with hydrogen peroxide. The spray produces 



a thin layer of hydrogen peroxide on the hydrophobic, 
thermoplastic outer layer of the packaging sheet mate- 
rial. Successively, a source of UV light in the 200-325nm 
range is irradiated onto the hydrogen peroxide-covered 
outer layer of packaging material. The synergy occur- 
ring between the hydrogen peroxide and the UV light 
has a killing effect on any microorganisms on the pack- 
aging material. Thereafter, the hydrogen peroxide is re- 
moved and the packages are filled with liquid food prod- 
uct and sealed to produce gable-top container common- 
ly known by the registered trademark Tetra Rex ®. 

Sterilization with hydrogen peroxide: 

[0005] In the sterilization systems employing hydro- 
gen peroxide, without any irradiation thereon of UV light, 
efforts have been made to prolong the time that the hy- 
drogen peroxide remains in contact with the packaging 
material, in order to increase the killing effect of the ster- 
ilization process. US-A-3,904,361 describes a process 
wherein, in order to prevent or at least minimize evapo- 
ration of a peroxide film on a packaging materia! web 
during its passage through a sterilization chamber, to 
prolong its contact with the web face and obtain the de- 
sired sterilization, the chamber is saturated with steam 
and hydrogen peroxide vapours obtained by spraying 
hydrogen peroxide through nozzles into the chamber. 
Although this technique prolonged contact of a very hot 
film of hydrogen peroxide with the packaging web sur- 
face to improve sterilization, it imposed severe restric- 
tions on the rate at which packages could be manufac- 
tured with the packaging machine. 
[0006] Another problem encountered with the known 
sterilization techniques employing hydrogen peroxide, 
regards ensuring unifomnity of the degree of sterilization 
throughout the packaging material. In some web-fed 
packaging machines, hydrogen peroxide was mixed 
with water and delivered drop-wise into a heated con- 
tainer placed in the longitudinally sealed tube of pack- 
aging material. However, the vaporized hydrogen per- 
oxide only started to have a sterilizing effect when the 
major part of the water in the droplets had evaporated. 
Therefore, the concentration of hydrogen peroxide ac- 
tually acting on the packaging material varied consider- 
ably, at the same rate as delivery of drops of sterilizing 
agent. In order to overcome this problem US-A- 
4,225,556 disclosed the use of a first treatment station 
with a container for hydrogen peroxide through which 
the packaging material was passed, and a second treat- 
ment station comprising a chamber with an inlet and an 
outlet for the packaging material web, and a nozzle for 
spraying hydrogen peroxide onto a heated surface. 
However, neither this arrangement, nor the above-de- 
scribed sterilization technique known from US-A- 
3904361 are compatible with modern high-speed liquid 
food packaging machines due to the excessive times 
required to effect sterilization. 

[0007] In order to overcome problems regarding uni- 
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formity of the sterilization of a packaging nnaterial web 
with hydrogen peroxide, the paclcaging nnaterial is 
passed through a bath containing hydrogen peroxide 
sterilizing solution, and in order to cope with ever-in- 
creasing production rates, the hydrogen peroxide baths 
have been Increased in size to maintain contact time be- 
tween the packaging material and the sterilizing solu- 
tion. The intensified contact between the hydrogen per- 
oxide solution and the packaging material is of course 
an advantage from the point of view of bacteriological 
killing. However, the intensified contact also increases 
the risk that the hydrogen peroxide solution will pene- 
trate into and degrade the liquid-absorbent fibrous layer 
of the packaging material web through the cut edges of 
the web. The over-dimensioning of the bath also results 
In a further increase in hydrostatic pressure which fur- 
ther increases the risk of liquid penetrating into the web 
in the deeper parts of the bath. Furthennore, since pack- 
aging material located in the bath during machine stop- 
pages is discarded, the deeper baths caused greater 
wastage of material upon each machine stop. 

Sterilization with hydrogen peroxide and UV radiation: 

[0008] US-A-4,289,728 to Peel et al dealt with the 
synergy that exists between UV radiation below 325nm, 
and hydrogen peroxide at a concentration of at least 
0.01% and no more than 10% by weight. By treating a 
microorganism at the surface of the packaging with an 
ultraviolet irradiated solution of hydrogen peroxide, the 
microorganism is rendered non-viable by the synergism 
between the radiation and the hydrogen peroxide. 
However, even with the use of powerful UV lamps, a 
long in-adiation time was required for thorough steriliza- 
tion, and this long in-adiation time gave rise to damaging 
of the packaging material, lowering of its heat-seal 
strength and discoloration thereof. As a solution to this 
problem, US-A-4,366,125 to Kodera et al disclosed a 
system Including a first station for applying a thin film of 
hydrogen peroxide at tow concentration at room temper- 
ature onto the outer surfaces of a packaging material. 
A second station, located downstream of the first station 
with respect to a travel direction defined by the material 
to be sterilized, was provided for irradiating the outer 
hydrogen peroxide-coated surfaces with UV radiation. 
Finally, a third station was provided downstream of the 
second station for drying the material with aseptic hot 
air. US-A-5,1 14,670 to Duffey disclosed a sterilization 
chamber including inlet and outlet means for the mate- 
rial to be sterilized, means for introducing gaseous hy- 
drogen peroxide into the sterilization chamber, and 
means for simultaneously irradiating the material to be 
sterilized with UV energy. However all of the above- 
mentioned sterilization techniques are susceptible to 
improvement relating to the killing effect achieved and 
the time necessary to guarantee elimination of all path- 
ogenic microorganisms, on the packaging material, for 
compatibility with modern high-speed liquid food pack- 



aging machines which can form, fill and seal 18000 or 
even more aseptic packages per hour, and wherein the 
packaging material moves at a speed of, or greater than 
81 .65 cm per second (48.990 meters per minute), such 
5 as the package forming, filling and sealing machine de- 
scribed in EP-A-9783031 2.1 , filed on June 27, 1 997, by 
the same applicant. 



OBJECTS OF THE INVENTION, 



10 



[0009] There is a general need in the art to provide a 
method and apparatus for sterilizing packaging sheet 
material, which overcomes the problems encountered 
in the prior art sterilization methods and apparatuses. 

15 A main object of the invention is to provide a method 
and apparatus for sterilizing packaging sheet material, 
which achieves improved killing rates with respect to the 
known sterilization techniques, thereby improving the 
quality of sealed packages manufactured with the pack- 

20 aging sheet material and hence the product delivered to 
the consumer. 

[0010] Another object of the Invention is to provide a 
method and apparatus for sterilizing packaging sheet 
material which is fully compatible with modern high- 

25 speed package fomning, filling and sealing machines. 
[0011] A further object of the invention is to provide a 
method and apparatus for sterilizing packaging sheet 
material employing hydrogen peroxide, which minimiz- 
es the time that the sheet material remains in contact 

30 with the hydrogen peroxide, thereby avoiding any soak- 
ing of the hydrogen peroxide into the cut edge of the 
packaging sheet material and permitting, when a hydro- 
gen peroxide bath is used, to construct a bath of reduced 
depth, whereby no problems arise relating to hydrostatic 

35 pressures which would otherwise tend to promote soak- 
ing of the hydrogen peroxide into the cut edge of the 
packaging sheet material. 

[0012] Yet another object of the invention is to provide 
a method and apparatus for sterilizing packaging sheet 
40 material employing hydrogen peroxide and UV radia- 
tion, wherein commercially available means for gener- 
ating UV radiation can be used, at a power level which 
does not have any detrimental effects on the packaging 
material. 

45 [001 3] A further object of the invention is to provide a 
method and apparatus for sterilizing packaging sheet 
material employing hydrogen peroxide and UV radia- 
tion, which can be integrated with current package form- 
ing, filling and sealing machines. 

50 

DISCLOSURE OF THE INVENTION. 

[0014] With the above-mentioned objects in view, as 
well as other objects of the invention which will become 
55 apparent hereinafter, the invention provides a method 
of sterilizing a packaging sheet material, comprising the 
steps of; 
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applying hydrogen peroxide to a packaging sheet 
materia!, and; 

irradiating the pacl<aging sheet material with light 
including at least one UV wavelength between 
about 200nm and 320nm, 

characterized In that it comprises the intermediate 
step of removing excess hydrogen peroxide from the 
packaging sheet material, after the step of applying hy- 
drogen peroxide and before the step of irradiating the 
packaging material, whereby residual hydrogen perox- 
ide absorbed by or located adjacent to any microorgan- 
isms present on said packaging sheet material is directly 
targeted with UV radiation. 

[0015] According to another aspect of the present in- 
vention, there is also provided an apparatus for steriliz- 
ing a packaging sheet material which comprises 

means for applying hydrogen peroxide to a packag- 
ing sheet material moving in an advancement direc- 
tion, 

- means for irradiating the packaging sheet material 
with light including at least one UV wavelength be- 
tween 200nm and 320nm, arranged downstream of 
said means for applying hydrogen peroxide, with re- 
spect to said advancement direction, and; 
means for removing hydrogen peroxide from the 
packaging sheet material, 

characterized in that said means for removing hydro- 
gen peroxide from the packaging sheet material are in- 
terposed between said means for applying hydrogen 
peroxide and said means for irradiating the packaging 
materia! with light including at least one UV wavelength 
between 200nm and 320nm, whereby residual hydro- 
gen peroxide absorbed by or located adjacent to any 
microorganisms present on said packaging sheet mate- 
rial is directly targeted with UV radiation. 

BRIEF DESCRIPTION OF THE DRAWINGS. 

[0016] Further features and advantages of the inven- 
tion will become apparent from the following detailed de- 
scription of the invention, and the accompanying draw- 
ing figures wherein: 

Figure 1 is a schematic view of the apparatus ac- 
cording to the invention; 

Figure 2 is an enlarged, schematic cross-sectional 
view of a portion of packaging sheet material irradi- 
ated with UV light according to the methods of the 
prior art, and; 

Figure 3 is an enlarged, schematic cross-sectional 
view of a portion of packaging sheet material irradi- 
ated with UV light according to the method of the 
present invention. 



DESCRIPTION OF THE PREFERRED 
EMBODIMENTS. 

[0017] With reference to drawing figure 1, the appa- 

5 ratus according to the invention is shown together with 
a packaging material sheet to be sterilized. Although, in 
the illustrated example, the packaging material is in the 
fomi of a web 1 , it will be appreciated that the material 
may also be in the f omrt of a cut blank. As shown in figure 

10 3, the web 1 is a laminated multi-layer material of the 
type commonly used for aseptic packaging of pourable 
food products. The laminated structure has a fibre- 
based layer 20 made of a material such as paper, and 
heat-sealable layers 21, 22 made of plastics material 

IS such as polyethylene, provided on each side of the fibre- 
based layer 20. When the packaging material is to be 
used for the aseptic packaging of pourable products 
such as milk treated at ultra-high temperature (UHT 
milk), the face of the packaging material destined to be 

20 placed in contact with the food product is also provided 
with a layer of barrier material 23, such as e.g., alumin- 
ium, which is in turn covered with an additional heat- 
sealable layer 24 of plastics material such as polyethyl- 
ene. 

25 The web 1 is moved in an advancement direction, indi- 
cated by the arrow 2, and guided in its trajectory, by con- 
ventional means which do not forni part of the present 
invention and thus are not illustrated. As clearly shown 
in figure 1 , the apparatus according to the invention in- 

30 dudes means for applying hydrogen peroxide to the 
packaging sheet material 1 , moving in the advancement 
direction 2, which are preferably constituted by a bath 3 
containing liquid hydrogen peroxide 4. The hydrogen 
peroxide 4 in the bath 3 may have a concentration of up 

35 to 50% by weight, and preferably has a concentration of 
from 1 0% by weight to 50% by weight, and most prefer- 
ably has a concentration of from 20% by weight to 40% 
by weight. A conventional roller 5 is provided in the bath 
for guiding the packaging material 1 . As also schemat- 
ic Ically shown in figure 1 , means 6 are also connected to 
the bath 3 for maintaining the hydrogen peroxide at a 
temperature preferably comprised between 15 degrees 
Centigrade and 80 degrees Centigrade, and may be 
constituted by a conventional thermostatically-control- 

45 led heating mechanism 6 as commonly used in the tech- 
nical field of the Invention, such as those present on the 
above cited TBA/19 ® and TBA/21 ® liquid food pack- 
aging machines, available from Tetra Brik Packaging 
Systems, Via Delfini, Modena, Italy. 

50 In the apparatus according to the invention, the depth 
of the hydrogen peroxide bath can be reduced with re- 
spect to conventional baths, and the hydrogen peroxide 
4 in the bath 3 preferably defines a liquid column having 
a height less than 50cm. One skilled in the art will ap- 

55 preciate that other means for applying hydrogen perox- 
ide liquid or vapour to the surface of the packaging ma- 
terial may also be used, such as spray means. 
Means for irradiating the packaging sheet material with 



4 



EP 0 919 246 B1 



8 



light, including at least one UV wavelength between 
200nm and 320nm, are located downstream of the bath 
4, with respect to the advancement direction 2, and com- 
prise a UV light source 7. According to a prefen-ed em- 
bodiment of the invention, the UV light source 7 for irra- 
diating the packaging sheet material may comprises a 
monochromatic source of UV light having a wavelength 
of 222nm. The monochromatic source of UV light having 
a wavelength of 222nm preferably comprises at least 
one excimer lamp. Such lamps are available from Her- 
aeus Noblelight, Kleinostheim, Gennany. Alternatively, 
a source of polychromatic UV light may also be used. 
Such polychromatic lamps are manufactured, for in- 
stance, by Berson UV-techniek, De Huufkes 23, NL- 
5674Nuenen. The Netherlands. Other lamps or lasers 
may also be used which emit light In the UV wave- 
lengths. 

[001 8] As shown in figure 1 , means 8 are also provid- 
ed for removing hydrogen peroxide from the packaging 
sheet material 1 . In the illustrated example, the means 

8 for removing hydrogen peroxide from the packaging 
sheet material preferably comprise at least one air knife 

9 for blowing air onto the packaging material sheet 1 . 
Such air knives are known from US-A-4603490 to Hilm- 
ersson et al, and have a chamber 1 0 including an air 
inlet 11 and an air outlet 12 for a flow of air, a material 
inlet 1 3 and a material outlet 1 4 for a packaging material 
web 1 , and a baffle plate 1 5 disposed over the air outlet 
1 2 at an angle in relation to the path of travel of the web 
1 through the chamber 10, Air blown onto the web 1 at 
the air knife is preferably heated to atemperature of from 
80 degrees Centigrade to 150 degrees Centigrade. It 
will be appreciated that other means for removing the 
hydrogen peroxide from the web 1 may also be used. 
For example, conventional squee-gee rollers or pinch 
rollers, may also be used in addition to or instead of the 
air knife. Other means may also be used for generating 
a flow of hot air suitable for evaporating the hydrogen 
peroxide. However, means for blowing hot air onto the 
packaging material web Is preferred, especially where 
the web has any parts, such as package opening devic- 
es injection-molded directly onto the web, which could 
affect the efficiency of the squee-gee rollers. 

An important feature of the present invention resides in 
the specific location of the means for removing excess 
hydrogen peroxide from the surface of the packaging 
material web 1 . As cleariy shown in figure 1 , the means 
for removing excess hydrogen peroxide 8 are inter- 
posed between the means for applying hydrogen per- 
oxide, constituted in the illustrated example by the bath 
3, and the means 7 for in^adiating the packaging material 
with light including at least one UV wavelength between 
200nm and 320nm. The reason for this location of the 
means for removing hydrogen peroxide Is the following: 
With reference first of all to drawing figure 2, there is 
illustrated an enlarged sectional view of a portion of a 
multi-layer laminated packaging sheet material like the 
above-described web 1 , wherein identical layers of the 



laminated structure are identified by the same reference 
numerals. Additionally, the reference numeral 30 sche- 
matically indicates microorganisms present on the sur- 
face of the packaging material, and the reference nu- 

5 meral 31 indicates the layer of hydrogen peroxide ap- 
plied to the surface of the packaging material. 
Figure 2 illustrates the treatment of a packaging sheet 
material according to the prior art methods, wherein hy- 
drogen peroxide at a concentration no greater than 1 0% 

10 by weight is first applied to the packaging sheet material. 
Thereafter the hydrogen peroxide is irradiated with UV 
light, and the synergy between the hydrogen peroxide 
and the UV light has the known killing effect on the mi- 
croorganisms 30. 

15 Figure 3 illustrates the treatment of a packaging sheet 
material according to the invention, wherein hydrogen 
peroxide, preferably at a concentration of up to 50% by 
weight, and preferably of from 10% to 50% by weight, 
is first applied to the packaging sheet material. There- 
to after the hydrogen peroxide is removed from the surface 
of the packaging material. It would thus appear that if 
one irradiated the packaging material with UV light at 
this point, i.e., in the UV irradiation zone indicated by 
the reference numeral 1 9 in figure 1 , there could be no 

25 interaction between the UV light and hydrogen peroxide, 
because the latter has been removed. However, the ap- 
plicant has discovered that on the contrary, the killing 
effect achieved is significantly improved with respect to 
known techniques. This is due to the fact that although 

30 excess hydrogen peroxide Is removed from the hydro- 
phobic packaging sheet material, a residual or trace 
quantity is retained at any microorganisms 30a, which 
are believed to hy drophilically absori^ the hydrogen per- 
oxide 31 a or othenwise retain the residual hydrogen per- 

35 oxide. Therefore, when the packaging sheet material is 
successively irradiated with UV light, the Interaction oc- 
curring between the hydrogen peroxide and the UV light, 
that has the known killing effect on microorganisms, is 
targeted specifically to the microorganisms themselves, 

40 which have hydrophilically absorbed or otherwise re- 
tained the hydrogen peroxide. Furthennore, the removal 
of the shielding layer of excess hydrogen peroxide al- 
lows advantage to be taken of the possibility of using 
higher concentrations of hydrogen peroxide than those 

45 which were considered to be the maximum utilizable by 
the prior art. 

In other words, instead of irradiating the entire layer of 
hydrogen peroxide with the aim of killing any microor- 
ganisms contained therein, as taught by the prior art. in 

50 accordance with the invention, the layer of excess hy- 
drogen peroxide 31 is removed and only the residual 
hydrogen peroxide located in, on or adjacent to any mi- 
croorganisms 30a present on the surface of the pack- 
aging material Is directly targeted with UV radiation. It 

55 will be understood that the positional relationship be- 
tween the residual hydrogen peroxide and the microor- 
ganisms shown in figure 3 is purely schematic and rep- 
resentative of what is believed to be occurring. 
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Therefore, when irradiating the packaging material with 
UV light, instead of having a layer of excess hydrogen 
peroxide shielding the microorganisms, the irradiation 
of UV light is targeted to the residual hydrogen peroxide 
absorbed by or located adjacent to the microorganisms. 
The removal of the layer of excess hydrogen peroxide 
in practice has the surprising effect of significantly in- 
creasing the efficiency of the sterilization process. 
[0019] The method accordingto the invention, can-led 
out with the above-described apparatus, will now be de- 
scribed: 

First of all, hydrogen peroxide, preferably liquid hydro- 
gen peroxide at a concentration of up to 50% by weight, 
preferably of from 1 0% by weight to 50% by weight, and 
most preferably at a concentration of from 20% by 
weight to 40% by weight, is applied to a to a packaging 
sheet material. In accordance with a preferred embodi- 
ment of the invention, this is achieved by immersing the 
packaging sheet material in a hydrogen peroxide bath 
at a temperature comprised between 15 degrees Cen- 
tigrade and 80 degrees Centigrade, for a time Interval 
of from 0.5 seconds to 2 seconds. During this time, the 
hydrogen peroxide is believed to be hydrophilically ab- 
sorbed in, or become somehow entrapped adjacent to 
or on any microorganisms present on the packaging ma- 
terial. Preferably, the height of the liquid column of hy- 
drogen peroxide in the bath does not exceed 50cm 
above the packaging sheet material. Although deeper 
hydrogen peroxide baths may be used, this relatively 
short residence time and shallow depth obviate prob- 
lems relating to edge-soaking or wicking of the hydrogen 
peroxide into the fiberous layer of the laminated pack- 
aging material. 

Thereafter, the excess hydrogen peroxide is removed 
from the surface of the packaging sheet material, pref- 
erably by blowing thereon a stream of air heated to a 
temperature of from 80 degrees Centigrade to 150 de- 
grees Centigrade. This removes the excess hydrogen 
peroxide from the packaging material, but a trace quan- 
tity of residual hydrogen peroxide is retained at any mi- 
croorganisms present on the surface of the packaging 
material. 

Once the excess hydrogen peroxide has been removed 
from the surface of the packaging material, the material 
is irradiated with light including at least one UV wave- 
length between about 200nm and 320nm. According to 
a preferred embodiment of the invention, the packaging 
sheet material is in-adiated with UV light at a wavelength 
of 222nm, and most preferably, the UV light source is 
an excimer lamp. In this manner, it has been found that 
it is possible to directly target residual hydrogen perox- 
ide entrapped at any microorganisms present on the 
packaging sheet material with UV radiation. The use of 
an excimer lamp has the additional advantages of in- 
stantaneous activation and deactivation and no signifi- 
cant heat emission. 

[0020] The sterilization system according to the in- 
vention is fully compatible with modern high-speed 



aseptic liquid-food packaging machines, producing up 
to 1 8000 or more packages per hour, wherein the pack- 
aging material moves at a speed of, or greater than 
81 .65 cm per second (48.990 meters per minute). 
5 [0021] The present invention may be further modified, 
without thereby departing from the purview of the ap- 
pended claims. 

10 Claims 

1. Method of sterilizing a packaging sheet material, 
comprising the steps of; 

15 - applying hydrogen peroxide to a packaging 
sheet material, and; 

irradiating the packaging sheet material with 
light including at least one UV wavelength be- 
tween about 200nm and 320nm, 

20 

characterized In that it comprises the intemnediate 
step of removing excess hydrogen peroxide from 
the packaging sheet material, after the step of ap- 
plying hydrogen peroxide and before the step of ir- 
25 radiating the packaging material, whereby residual 
hydrogen peroxide absorbed by or located adjacent 
to any microorganisms present on said packaging 
sheet material is directly targeted with UV radiation. 

30 2. IVIethod according to claim 1 , characterized In that 
said step of applying hydrogen peroxide to said 
packaging sheet material comprises applying liquid 
hydrogen peroxide thereto at a concentration of up 
to 50% by weight. 

35 

3. Method according to claim 1 , characterized in that 
said step of applying hydrogen peroxide to said 
packaging sheet material, comprises applying liq- 
uid hydrogen peroxide at a concentration of from 

40 20% by weight to 40% by weight. 

4. Method according to claim 1 , 2 or 3, characterized 
In that said step of applying hydrogen peroxide to 
said packaging sheet material comprises the step 

45 of immersing said packaging sheet material in a hy- 
drogen peroxide bath at a temperature comprised 
between 15 degrees Centigrade and 80 degrees 
Centigrade, for a time interval of from 0.5 seconds 
to 2 seconds. 

50 

5. Method according to claim 1 , characterized in that 
said intermediate step of removing excess hydro- 
gen peroxide from said packaging sheet material 
comprises blowing a stream of heated air, heated 

55 to a temperature of from 80 degrees Centigrade to 
1 50 degrees Centigrade onto said packaging sheet 
material. 
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6. Method according to claim 1 , characteriz d In that 

said step of irradiating the packaging sheet material 
with light including at least one UV wavelength, con- 
sists of irradiating said packaging sheet material 
with polychromatic UV light. 

7. Method according to claim 1 , characterized in that 

said step of irradiating the packaging sheet material 
with light including at least one UV wavelength, con- 
sists of irradiating said packaging sheet material 
with UV light at a wavelength of 222nm. 

8. Method according to claim 7, characterized in that 
said step of irradiating the packaging sheet material 
with UV light at a wavelength of 222nm comprises 
irradiati ng said packaging sheet material with an ex- 
cimer lamp. 

9. Method according to one or more of claims 1-8, 
characterized In that said packaging sheet mate- 
rial is a web unwound from a roll. 

10. Method according to one or more of claims 1-8, 
characterized in that said packaging sheet mate- 
rial is a blank. 

1 1 . Apparatus for sterilizing a packaging sheet material 
according to the method defined in claims 1-10, 
comprising; 

means (3) for applying hydrogen peroxide to a 
packaging sheet material (1) moving in an ad- 
vancement direction, 

means (7) for irradiating the packaging sheet 
material with light including at least one UV 
wavelength between 200nm and 320nm, ar- 
ranged downstream of said means for applying 
hydrogen peroxide, with respect to said ad- 
vancement direction, and; 
means (8) for removing excess hydrogen per- 
oxide from the packaging sheet material, 

characterized in that said mean (8) for removing 
hydrogen peroxide from the packaging sheet mate- 
rial are interposed between said means (3) for ap- 
plying hydrogen peroxide and said means (7) for ir- 
radiating the packaging material with light including 
at least one UV wavelength between 200nm and 
320nm, whereby residual hydrogen peroxide ab- 
sorbed by or located adjacent to any microorgan- 
isms present on said packaging sheet material is 
directly targeted with UV radiation. 

12. Apparatus according to claim 11 , characterized in 
that said means for applying hydrogen peroxide to 
said packaging sheet material comprise a bath con- 
taining liquid hydrogen peroxide at a concentration 
of up to 50% by weight. 



13. Apparatus according to claim 1 1 , characteriz d in 
that said means for applying hydrogen peroxide to 
said packaging sheet material comprise a bath con- 
taining liquid hydrogen peroxide at a concentration 

5 of from 20% by weight to 40% by weight. 

14. Apparatus according to claim 12 or 13, character- 
ized in that it comprises means for maintaining said 
hydrogen peroxide bath at a temperature com- 

10 prised between 1 5 degrees Centigrade and 80 de- 
grees Centigrade. 

1 5. Apparatus according to claim 1 2, 1 3 or 1 4, charac- 
terized in that said hydrogen peroxide in said bath 

15 defines a liquid column having a height less than 
50cm in said bath. 

16. Apparatus according to claim 11 , characterized in 
that said means for removing hydrogen peroxide 
from said packaging sheet material comprise at 
least one air knife for blowing air onto said packag- 
ing material sheet at a temperature of from 80 de- 
grees Centigrade to 150 degrees Centigrade, 

17. Apparatus according to claim 11 , characterized in 
that said means for irradiating the packaging sheet 
material with light include at least one UV wave- 
length between about 200nm and 320nm comprise 
a monochromatic source of U V light having a wave- 
length of 222nm. 

18. Apparatus according to claim 1 7, characterized In 
that said monochromatic source of UV light com- 
prises at least one excimer lamp. 

1 9. Apparatus according to claim 1 1 . characterized in 
that said means for irradiating the packaging sheet 
material with light including at least one UV wave- 
length, comprise a polychromatic UV lamp. 



Patentanspriiche 

1 . Verfahren zum Sterilisteren einer Packstoffbahn mit 

45 den Verfahrensstufen 

Aufbringen von Wasserstoffperoxld auf die Pack- 
stoffbahn und Bestrahlen der Packstoffbahn mit 
Licht elnschl. mindestens einer UV-Wellenlange 
zwischen etwa 200 nm und 320 nm, 

50 dadurch gekennzelchnet, 

da8 das Verfahren den Zwischenschritt des Entfer- 
nens bzw. Abfuhrens uberschussigen Wasserstoff- 
peroxids von der Packstoffbahn nach der Verfah- 
rensstufe des Aufbringens von Wasserstoffperoxld 

55 und vor der Verfahrensstufe des Bestrahlens der 
Verpackungsbahn einschliei3t, wodurch Restwas- 
serstoffperoxid, der durch irgendwelche an der 
Packstoffbahn befindlichen Mikroorganismen ab- 
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sorbiert Oder in der Nahe derselben verblieben ist, 
unmittelbar mit UV-8estrahIung getroffen wird. 

2. Verfahren nach Anspruch 1 , 
dadurch gekennzeichnet, 

daB die Verfahrensstufe des Aufbringens von Was- 
serstoffperoxid auf die Packstoffbahn das Aufbrin- 
gen von flussigem Wasserstoffperoxid auf dieser 
mit einer Konzentration von bis zu 50 Gew.-% ein- 
schlie3t. 

3. Verfahren nach Anspruch 1 , 
dadurch gekennzeichnet, 

daB die Verfahrensstufe des Aufbringens von Was- 
serstoffperoxid auf die Packstoffbahn das Aufbrin- 
gen von flussigem Wasserstoffperoxid mit einer 
Konzentration zwischen 20 und 40 Gew.-% ein- 
schlieRt. 

4. Verfahren nach einem der Anspruche 1 , 2 und 3, 
dadurch gekennzeichnet, 

daB die Verfahrensstufe des Aufbringens von Was- 
serstoffperoxid auf die Packstoffbahn eine Verfah- 
rensstufe des Eintauchens der Packstoffbahn in ein 
Wasserstoffperoxidbad bei einer Temperatur zwi- 
schen 15°C und 80°C fur eine Zeitdauer zwischen 
0,5 Sekunden und 2 Sekunden einschlief3t. 

5. Verfahren nach Anspruch 1 , 
dadurch gekennzeichnet, 

daB der Zwischenschritt des Entfernens uber- 
schusslgen Wasserstoffperoxids bzw. von Rest- 
wasserstoffperoxid von der Packstoffbahn das Auf- 
blasen eines Stromes erhitzter Luft auf die Pack- 
stoffbahn einschlie3t, welche auf eine Temperatur 
zwischen 80°C und 150°C erhitzt ist. 

6. Verfahren nach Anspruch 1 , 
dadurch gekennzeichnet, 

daB die Verfahrensstufen des Bestrahlens der 
Packstoffbahn mit Licht einschl. mindestens einer 
UV-Wellenlange die Bestrahiung der Packstoff- 
bahn mit polychromatischem UV-Llcht enthalt. 

7. Verfahren nach Anspruch 1 , 
dadurch gekennzeichnet, 

daB die Verfahrensstufe des Bestrahlens der Pack- 
stoffbahn mit Licht einschl. mindestens einer 
UV-Wellenlange das Bestrahlen der Packstoffbahn 
mit UV-Licht einer Wellenlange von 222 nm enthalt 

8. Verfahren nach Anspruch 7, 
dadurch gekennzeichnet, 

daB die Verfahrensstufe des Bestrahlens der Pack- 
stoffbahn mit UV-Licht einer WeilenlSnge von 222 
nm das Bestrahlen der Packstoffbahn mit einer Ex- 
cimerlampe einschlief3t. 



9. Verfahren nach eInem oder mehreren der Anspru- 
che 1-8, 

dadurch gekennzeichnet, 

daB fur die Packstoffbahn eine von einer Rolle ab- 
5 gewickelle Bahn verwendet wird. 

10. Verfahren nach eInem oder mehreren der Anspru- 
che 1-8, 

dadurch gekennzeichnet, 

10 daB fur die Packstoffbahn ein Zuschnitt verwendet 
wird. 

11. Vorrichtung zum Sterilisieren einer Packstoffbahn 
nach dem Verfahren nach einem der Anspruche 1 

15 bis 10 mit folgenden Bestandteilen: 

Eine Aufbringungseinrichtung (3) zum Aufbrin- 
gen von Wasserstoffperoxid auf die in einer 
Vorschubrichtung bewegte Packstoffbahn (1); 

20 eine Bestrahlungseinrichtung (7) zum Bestrah- 

len der Packstoffbahn mit Licht einschl. minde- 
stens einer UV-Wellenlange zwischen 200 nm 
und 320 nm in Fortschreitungsrichtung hinter 
der Aufbringeinrichtung fiir Wasserstoffperoxid 

25 und eine Abnahmeeinrichtung (8) zum Entfer- 

nen uberschiissigen Wasserstoffperoxid von 
der Packstoffbahn, 

dadurch gekennzeichnet, 

30 daB die Abnahmeeinrichtung (8) zum Entfemen 
von Wasserstoffperoxid von der Packstoffbahn zwi- 
schen der Aufbringungseinrichtung (3) zum Auf- 
bringen von Wasserstoffperoxid und der Bestrah- 
lungseinrichtung (7) zum Bestrahlen der Verpak- 

35 kungsmaterial mit Licht einschl. mindestens einer 
UV-Wellenlange zwischen 200 nm und 320 nm an- 
geordnet ist, wodurch iiberschussiger bzw. Rest- 
wasserstoffperoxid der von auf der Packstoffbahn 
befindlichen Mikroorganismen absortiert oder un- 

40 mittelbar daneben verblieben ist, unmittelbar mit 
UV-Strahlen bestrahlbar ist, 

12. Vorrichtung nach Anspruch 11, 
dadurch gekennzeichnet, 

45 daB die Aufbringungseinrichtung zum Aufbringen 
von Wasserstoffperoxid auf die Packstoffbahn ein 
flussiges Wasserstoffperoxid mit einer Konzentrati- 
on von bis zu 50 Gew.-% enthaltendes Bad auf- 
weist. 

50 

13. Vorrichtung nach Anspruch 11, 
dadurch gekennzeichnet, 

daB die Aufbringungseinrichtung zum Aufbringen 
von Wasserstoffperoxid auf die Packstoffbahn ein 
55 flusslgen Wasserstoffperoxid mit einer Konzentrati- 
on zwischen und 20 und 40 Gew.-% enthaltendes 
Bad aufweist. 
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14. Vorrichtung nach Anspruch 12 oder 13, 
dadurch gekennzeichnet, 

daB sie eine Etnrichtung zum Beibehalten einer 
Temperatur zwischen 15°C und 80**C des Wasser- 
stoffperoxidbades aufweist. 

15. Vorrichtung nach Anspruch 12, 13 oder 14, 
dadurch gekennzelchnet, 

daB das Wasserstoffperoxid in dem Bad eine Flus- 
sigkeitssaule mit einer Hohe von weniger als 50 cm 
im Bad bildet. 

16. Vorrichtung nach Anspruch 11, 
dadurch gekennzeichnet, 

daB die Abnahmeeinrichtung zum Entfernen von 
Wasserstoffperoxid von der Packstoffbahn minde- 
stens ein Luftmesser bzw. eine Luftdiise zum Auf- 
blasen von Luft auf die Packstoffbahn bei einer 
Temperatur zwischen 80°C und 150°C aufweist. 

17. Vorrichtung nach Anspruch 11, 
dadurch gekennzeichnet, 

daB die Bestrahlungseinrichtung zum BestrahJen 
der Packstoffbahn mit Licht einschl. einer UV-Wel- 
leniange zwischen etwa 200 nm und 320 nm eine 
monochromatische UV-Lichtquelle mit einer Wel- 
lenlange von 222 nm aufweist. 

18. Vorrichtung nach Anspruch 17, 
dadurch gekennzeichnet, 

daB die monochromatische UV-Lichtqueiie minde- 
stens eine Excimeriampe (insb. gepulster Gaslaser 
mit intensiver Lichtemission im UV-Spektralbe- 
reich) aufweist. 

19. Vorrichtung nach Anspruch 11, 
dadurch gekennzeichnet, 

daB die Bestrahlungseinrichtung zum Bestrahlen 
der Packstoffbahn mit Licht einschl. mindestens ei- 
ner UV-Welienlange eine poiychromatische 
UV-Lampe aufweist. 



plication d'eau oxygen^e et avant I'^tape d'irradia- 
tion du mat^riau d'emballage, afin que I'eau oxyge- 
n6e r6slduelle absorb^e par les micro organismes 
presents sur le dit mat^riau d'emballage en feuille, 
5 ou qui se trouve pr6s de ces derniers, so it directe- 
ment vis^e par (e rayonnement ultraviolet. 

2. Precede selon ia revendicatron 1 , caracterise en 
ce que la dite etape d'application d'eau oxygende 
10 au dit mat6riau d'emballage en feuille comprend 
Tappiication d'eau oxyg^nde liquide au dit materiau 
k une concentration pouvant atteindre 50% en 
poids. 

IS 3. Procedd selon la revendtcation 1, caracterise en 
ce que la dite ^tape d'application d'eau oxygen§e 
au dit materiau d'emballage en feuille comprend 
I'application d'eau oxyg^nde liquide k une concen- 
tration comprise entre 20% en poids et 40% en 

20 poids. 

4. Proc6d6 selon la revendication 1 , 2 ou 3, caracte- 
rise en ce que la dite 6tape d'application d'eau oxy- 
genic au dit materiau d'emballage en feuiiie com- 
25 prend I'etape d'immersion du dit materiau d'embal- 
lage en feuille dans un bain d'eau oxygenic & une 
temp6rature comprise entre 1 5^*0 et 80°C, pendant 
un laps de temps de 0,5 seconde k 2 secondes. 

30 5. Procidi selon la revendication 1 , caracterise en 
ce que la dite etape intermidiaire d'ilimination de 
I'eau oxyginie en exces du dit materiau d'embal- 
lage en feuille comprend le soufflage d'un courant 
d'air chaud chauffi k une temperature de SO^C a 

35 1 50°C, sur le dit matiriau d'emballage en feuille. 

6. Proc6d6 selon la revendication 1 , caracterise en 
ce que la dite itape d'irradiation du matdriau d'em- 
ballage en feuille avec une lumiere incluant au 
40 moins une lumidre d'onde dans I'ultraviolet consiste 
a irradier le dit matiriau d'emballage en feuille avec 
une lumiere ultraviolette potychromatique. 



Revendlcatlons 

1 . Procidi de stirilisation d'un matiriau d'emballage 
en feuille, comprenant les itapes de : 

application d'eau oxyginie k un matiriau 
d'emballage en feuille, et 
irradiation du materiau d'emballage en feuille 
avec une lumiere Incluant au moins une lon- 
gueur d'onde dans I'ultraviolet comprise entre 
200 nm et 320 nm environ. 

caracterise en ce qu'il comprend I'itape interme- 
diaire d'elimination de I'eau oxyginie en excks du 
mat6riau d'emballage en feuille, aprfes I'itape d'ap- 



7. Procide selon la revendication 1 , caracterise en 
ce que la dite 6tape d'irradiation du matiriau d'em- 
ballage en feuille avec une lumiere incluant au 
moins une longueur d'onde dans Tultraviolet con- 
siste k in'adier le dit materiau d'emballage en feuille 
avec une lumiire ultraviolette k une longueur d'on- 

50 de de 222 nm. 

8. Procedi selon la revendication 7, caracterise en 
ce que la dite etape d'irradiation du materiau d'em- 
ballage en feuille avec une lumiere ultraviolette 

55 d'une longueur d'onde de 222 nm comprend I'irra- 
diation du dit matiriau d'emballage en feuiiie avec 
une lampe excimire. 
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9. Proc6d6 selon une ou plusieurs des revendications 
1^8, caracterlse en ce que le dit mat^riau d'em- 
ballage en feuille est une bande d6roulee d'une bo- 
bine. 

10. Proc6d6 selon uneou plusieurs des revendications 
1 a 8. caracterlse en ce que le dit mat^riau d'em- 
ballage en feuille est un flan. 

1 1 . Appareil pour la sterilisation d'un mat6riau d'embal- 
lage en feuille selon le proc6d6 d^fini dans les re- 
vendications 1^10, comprenant : 

des moyens (3) d'applicatlon d'eau oxyg6n6e 
a un materiau d'emballage en feuille (1) qui se 
deplace dans une direction d'avance, 
des moyens (7) d'lrradiation du materiau d'em- 
ballage en feuille avec une lumi^re incluant au 
moins une longueur d'onde dans I'ultraviolet 
entre 200 nm et 320 nm, places en aval des dits 
moyens d'application d'eau oxyg6n6e avec re- 
ference k la dite direction d'avance. et 
des moyens (8) d'6limination de I'eau oxyg6nee 
en exces du materiau d'emballage en feuille, 

caracterlse en ce que les dits moyens (8) d'eiimi- 
nation de I'eau oxygen6e du materiau d'emballage 
en feuille sont interposes entre les dits moyens (13) 
d'application d'eau oxyg6nee et les dits moyens (7) 
d'irradiation du materiau d'emballage avec une lu- 
miere incluant au moins une longueur d'onde dans 
I'ultraviolet entre 200 nm et 320 nm, de sorte que 
I'eau oxygenee r6siduelle absorbee par les microor- 
ganismes presents sur le dit materiau d'emballage 
en feuille, ou qui se trouve pres de ceux-ci, est di- 
rectement visee par le rayonnement ultraviolet. 

12. Appareil selon la revendication 11 , caracterlse en 
ce que les dits moyens d'applicatlon d'eau oxyge- 
nee au dit materiau d'embal lage en feuille compren- 
nent un bain contenant de I'eau oxyg6n6e liquide k 
une concentration jusqu'a 50% en poids. 

13. Appareil selon la revendication 11 , caracterlse en 
ce que les dits moyens d'application d'eau oxyge- 
nee au dit materiau d'emballage en feuille compren- 
nent un bain contenant de I'eau oxygenee liquide k 
une concentration de20%en poids & 40% en poids. 

14. Appareil selon la revendication 12 ou 13, caracte- 
rlse en ce qu'il comprend des moyens de maintien 
du dit bain d'eau oxygenee a une temperature com- 
prise entre 15°Cet 80''C. 

15. Appareil selon la revendication 12, 1 Sou 14, carac- 
terlse en ce que la dite eau oxygenee dans le dit 
bain definit une colonne de liquide ayant une hau- 
teur inferieure k 50 cm dans le dit bain. 



16. Appareil selon la revendication 11, caracterlse en 
ce que les dits moyens d'eiimination d'eau oxyge- 
nee du dit materiau d'emballage en feuille compren- 
nent au moins une lame d'air pour souffler de I'air 
sur la dite feuille de materiau d'emballage k une 
temperature de 80**C k 150°C. 

17. Appareil selon la revendication 11, caracterlse en 
ce que les dits moyens d'lrradiation du materiau 
d'emballage en feuille avec une lumiere incluant au 
moins une longueur d'onde dans Tultraviolet entre 
200 nm et 320 nm environ comprennent une source 
monochromatique de lumiere ultraviolette ayant 
une longueur d'onde de 222 nm. 

18. Appareil selon la revendication 17, caracterlse en 
ce que la dite source monochromatique de lumiere 
ultraviolette comprend au moins une lampe excime- 
re. 

19. Appareil selon la revendication 11, caracterlse en 
ce que les dits moyens d'irradiation du materiau 
d'emballage en feuille avec une lumifere incluant au 
moins une longueur d'onde dans I'ultraviolet com- 
prennent une lampe a lumiere ultosviolette poly- 
chromatique. 
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